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Preface

The study of artificial neural networks has ever been evolving for about half a century and
it has attracted a large number of researchers in many different areas. Now artificial neural
networks have become a frontier of encephaloneural science, mathematics and information
science. '

Feedforward neural network is one of the most important type of artificial neural net-
works. It find wide application in engineering, such as pattern classification and pattern recog-
nition. Binary feedforward neural network, its inputs and outputs being all binary numbers, is
very perspective in engineering, since it could even realize Boolean functions much more effi-
ciently than a logic circuit does, while the computer today consists of a huge number of logic
circuits. For a feedforward neural network, if the first hidden layer of the network is thought
of as a nonlinear mapping or a vector quantilization from its continuous input space of the prob-
lem to a binary valued space, the remaining part of the network from its second hidden layer to
its output layer could be thought of as a binary feedforward neural network. On the other
hand, binary feedforward neural network is very applicable and efficient in inference of logic
rules, pattern classification and recognition, nonlinear prediction, fault diagnoses, automatic
control and so forth.

The first author of the present book began her research in artificial neural networks by
taking responsibility for a national natural science fund on mentioned item in 1992. She was
engaged in application of artificial neural network to speaker recognition. From her own expe-
rience acquired in the process of deep study of artificial neural networks in respect to their ap-
plications, the author recognizes the following truth. In studying application of the artificial
neural network in whichever area people at first thought that it could be applied everywhere.
With the more applications of it the weak points in its study become obvious, that is, the study
lacks of systematic and theoretic analysis of the behavior of the network. These shortcomings
obstruct its further application to a great extent. That is why in 1995 the first author began to
specialize in artificial neural networks as a Ph. D. candidate and has obtained later some results
on them. This book is formulated in abovementioned basis.

This is the first monograph which gives systematic presentation of binary feedforward
neural networks. Most of its contents is the research results performed by the authors. The
classification capability and robust performance of the networks are considered as a whole on

the basis of the fact that only when the network is the most robust and in its smallest scalabili-
e 1




ty, it can be made the most efficient in its resource utilization. The book is divided into eight
chapters. Systematic study is given of basic properties and fundamental theories of binary feed-
forward neural networks, such as perceptron and its learning; robust perceptron and its learn-
ing; robust and the most robust design of binary feedforward neural networks to knowledge
extraction, storage, inference and interpretation; formats of a system of classification hyper-
planes in input space and their separability, degeneration and robust degeneration of a system
of classification hyperplanes to decrease the number of hidden neurons in the networks; the
training and learning algorithms and their convergence of binary feedforward neural networks.

The book is written by Zhang Junying and Xu Jin. Except sections 1.4, 2.1, 2.2, 2.3
and appendix which are written by Xu, the rest chapters and sections are written by Zhang.
The authors hope that the book will be proved useful to those students and practicing profes-
sionals who are interested not only in understanding the underlying theory of feedforward neu-
ral networks but also in pursuing research in this area.

The authors would firstly like to acknowledge the National Natural Science Fund Commit-
tee for the support with two projects on artificial neural networks. Sincere thanks are offered
to the National Key Laboratory on Machine Perceptron of Beijing University for its fund of-
fered for six years so far. A special gratitude is expressed to Prof. Bao Zheng, our adviser, a-
cademician in China Science Research Institute, for many enjoyable and productive consulta-
tions. The authors are also grateful to Key Laboratory of Radar Signal Processing for its sup-
ports. Thanks are due to all of the colleagues in forum for their great help in improvement of
the research work. Thanks go to Prof. Ameri, who was ever chairman of the International
Neural Network Society, for that the discussion with him during an international conference
and the memo he wrote and emailed to the first author after the conference enlightened the au-
thor on her work very much. Thanks must be given to prof. Kasabov in Information Science
Department of Otago University, New Zealand. During an international conference he copied
the software on feedforward neural networks they programmed and the materials of the work
he just completed and gave them to the author. Both of the gifts are very useful references to
the authors’ research work. Thanks must also be extended to Prof. Chen Tianping of Mathe-
matics Department of Fudan University, Prof. Jin Fan in Southwest Jiaotong University and
Prof. Zhang Liming in Electronics Engineering Department of Fudan University, all of them
gave the author many suggestions and encouragement during national and international confer-
ences. Deep gratitude goes to Prof. Xu Shenchu of Physics Department of Xiamen University,
who had several discussions with the first author during conferences. The authors are in debt
to Li Ron.gcai, the chief-editor, Liang Jiaxin, the associate manager of Xidian Press for their

great assistance in publication of the book.
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